Merkel cell carcinoma (MCC) is a relatively rare, potentially aggressive cutaneous malignancy. We examined the clinical and histologic features of primary MCC that may correlate with the probability of a positive sentinel lymph node (SLN).
INTRODUCTION
Merkel cell carcinoma (MCC) is a relatively rare, potentially aggressive, cutaneous malignancy with a high incidence of local recurrence and regional and distant metastasis. The majority of patients with MCC (70%) present with disease clinically localized to the skin (American Joint Committee on Cancer stage I or II), 25% present with palpable regional lymphadenopathy (stage III), and 5% with distant metastasis (stage IV). [1] [2] [3] [4] The most common location of metastasis is the draining lymph node basin (27% to 60%). [1] [2] 5 Various clinical, histologic, and immunohistochemical factors have been considered as prognostic indicators, but the presence or absence of lymph node disease is currently the most consistent predictor of survival in patients with MCC. [1] [2] [6] [7] [8] [9] [10] Although the optimal treatment of MCC has yet to be determined, sentinel lymph node (SLN) biopsy is emerging as an important staging tool to assess the regional lymph node basin and guide additional therapy.
SLN biopsy is a well-described and widely used technique for identifying subclinical metastasis to regional lymph nodes in patients with melanoma. Factors have been identified that predict the risk of having a positive SLN in patients with melanoma to better select which patients should undergo SLN biopsy.
11 -12 The clinical and histologic characteristics of primary MCC, however, have yet to be examined with regard to their ability to predict SLN positivity. Our objectives were to examine the clinical and histologic features of primary MCC that may correlate with the probability of a positive SLN. This information could then be used to potentially identify a group of patients at low risk of a positive SLN JOURNAL OF CLINICAL ONCOLOGY who could be spared the procedure and conversely to identify patients who would most benefit from the procedure to guide additional treatment decisions.
METHODS

Patients
This study was approved by the institutional review board at the University of Michigan. Our prospective MCC database was queried for patients who underwent SLN biopsy at the University of Michigan after evaluation in the multidisciplinary MCC clinic. The majority of patients (n ϭ 88) were evaluated between July 2006 (opening of the clinic) and February 2010. Seven additional patients treated between 1999 and 2005 who underwent SLN biopsy and have continued follow-up in our clinic were included. Patients were categorized by the presence or absence of metastatic MCC in at least one SLN. Our SLN biopsy technique has been previously described.
11 Histologic evaluation of the SLN(s) included serial sectioning, hematoxylin and eosin staining, and cytokeratin-20 and pancytokeratin (AE1/AE3/CAM5.2) immunostains.
Clinical variables evaluated included patient sex, age, presence or absence of immunosuppression (medication-or disease-induced immunosuppression), history of other skin cancer (yes/no), history of other nonskin cancer (yes/no), site of the primary MCC (categorized as head/neck, arm, leg/buttock, trunk), and the clinical size in centimeters (categorized as Ͻ 1, 1 to 2, Ͼ 2 cm). Histologic features evaluated were greatest horizontal dimension within a transversely serially sectioned specimen (measured in millimeters), tumor thickness (measured in millimeters from the granular layer of the epidermis to the deepest extent of tumor invasion [ie, Breslow depth]), anatomic level of invasion (ie, Clark level), number of mitoses per squared millimeter, tumor growth pattern (circumscribed or infiltrative), and presence or absence of ulceration and angiolymphatic invasion. Mitotic rate was determined by counting the number of dermal mitoses in 1 mm 2 , starting in the field with the most mitoses. Tumors with a circumscribed growth pattern demonstrated well circumscribed tumor nodules with pushing borders. An infiltrative growth pattern was characterized by strands, cords, trabeculae, and single cells of tumor infiltrating dermal collagen and/or soft tissue. Tumors displaying both patterns were classified as infiltrative. All primary lesions and SLN biopsy slides were reviewed by a dermatopathologist in the MCC program at the University of Michigan. An 11-point profile, including the histologic features listed in this Methods section, was reported for each primary MCC.
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Statistical Analysis
The event of interest was the presence of at least one positive SLN (PSLN). Possible univariate associations between the characteristics and a PSLN were tested for by using either the 2 or the Fisher's exact test if data were sparse. Continuous characteristics were also analyzed categorically and by using the two-sample t test. For clinical characteristics found to be significantly associated with a PSLN, the magnitude of that association was calculated by the odds ratio (OR). Point estimates and 95% CIs were reported.
To derive a probabilistic model for the occurrence of at least one PSLN and to account for potential correlation and confounding between the clinical and histologic features, multivariate logistic regression was used. A backward elimination algorithm was used to help create a best multiple variable model to predict a PSLN. The model begins by including all characteristics and iteratively removes nonsignificant characteristics until only significant characteristics remain. However, SLN occurrences that were missing information for a particular characteristic were excluded from the sample on which the model was built when that characteristic was included. All analyses were performed by using SAS software (Version 9; SAS Institute, Cary, NC).
RESULTS
Ninety-five patients with clinically node-negative MCC who underwent SLN biopsy were identified. Two patients each had two primary MCCs draining to distinct lymph node basins; therefore, SLN biopsy was performed for 97 tumors. The procedure failed to identify a sentinel node in four instances. These were excluded, and the analyzable sample size was, therefore, 93 occurrences. Table 1 lists the distribution of clinical and histologic characteristics including the percentage of occurrences with at least one PSLN for each characteristic considered. Age at diagnosis ranged from 38 to 91 years (median, 73 years). Overall, at least one PSLN was identified in 42 occurrences (45.2%). When at least one PSLN was discovered, 29 occurrences (69%) had only one PSLN, seven occurrences (17%) had two PSLNs, and six occurrences (14%) had three PSLNs.
Univariate Analysis
Results from the univariate analyses of clinical and histologic characteristics with SLN positivity are summarized in Table 2 . SLN positivity was significantly associated with the clinical size of the lesion, greatest horizontal histologic dimension, tumor thickness, mitotic rate, and growth pattern. Patients with lesions clinically greater than 2 cm in size were nearly seven times more likely to have a PSLN than patients with lesions less than 1 cm. Patients with lesions in which the greatest horizontal histologic dimension was in the fourth quartile (Ͼ 10.5 mm) were 6.7 times more likely to have a PSLN than patients with lesions in the first quartile (Յ 3.75 mm). Patients with histologically thick lesions, greater than 6 mm in depth, were six times more likely to have a PSLN than those with lesions 2 mm or less in tumor thickness. When considered as a continuous covariate, a 1-mm increase in tumor thickness was associated with a 24% increase in the odds of having a PSLN. When mitotic rate was considered as a continuous covariate, an increase of 1 mitosis/mm 2 was associated with a 3% increase in the odds of having a PSLN. However, as noted in Table 1 , mitotic rate information was missing for 25 lesions, or 27% of the data set, because of a modification in the MCC primary tumor profile during the study period. Finally, tumors with an infiltrative growth pattern were nearly four times more likely to have a PSLN when compared with tumors with a circumscribed growth pattern.
Multivariate Analysis
Two parsimonious multiple variable models were generated to predict a PSLN and are listed in Table 3 . Two models, separating tumor thickness and mitotic rate, were necessary because of the strong colinearity between these variables. Histologic growth pattern was the only other significant characteristic, when modeled simultaneously with either tumor thickness (model 1) or mitotic rate (model 2). As the subset of data differs between the models, because of the different patterns of missing data for tumor thickness and mitotic rate, it is impossible to compare the models directly. Rather, it is clear that growth pattern along with either tumor thickness or mitotic rate is associated with a PSLN in our data. Lesions with an infiltrative growth pattern were between 2.5 (model 1, P ϭ .0607) and 3.7 (model 2, P ϭ .0167) times more likely to have a PSLN than lesions with circumscribed growth. From model 1, a 1-mm increase in tumor thickness increased the odds of having a PSLN by 21%. From model 2, an increase of 1 mitosis/mm 2 increased the odds of having a PSLN by 4%. Figure 1 shows the predicted probability of a PSLN on the basis of tumor thickness and growth pattern (model 1). For either circumscribed or infiltrative growth pattern, increasing tumor thickness increased the probability of a PSLN. For a particular tumor thickness, a lesion with infiltrative growth was more likely to have a PSLN than a lesion with circumscribed growth.
Tumor thickness and mitotic rate were significantly positively correlated in our population (Pearson correlational coefficient r ϭ 0.36; P ϭ .0025), accounting for the colinearity during multiple variable modeling. Although the multivariate analyses presented account for the potential correlation and confounding between the clinical and histologic features, tumor thickness was significantly higher for lesions with infiltrative growth (mean, 7.3 mm) compared with circumscribed growth (mean, 4.4 mm), on average ϩ2.9 mm (95% CI, 1.0 to 4.9). The average mitotic rate was also higher for lesions with infiltrative growth compared to circumscribed growth, but the difference was not statistically significant. 
DISCUSSION
There is wide agreement that the presence of lymph node metastases is an adverse prognostic indicator in MCC. Allen et al 1 found that disease stage was the only independent predictor of survival (stage I, 81%; stage II, 67%; stage III, 52%; stage IV, 11%). For MCC, an orderly progression of metastasis has been proposed. [13] [14] Nodal involvement typically precedes the development of distant metastasis. Although palpable nodal involvement at presentation is reported to occur in approximately 25% of patients, an additional 30% to 50% develop nodal disease in the course of their disease. 15 In many instances, lymph node recurrence in patients presenting with clinically negative lymph nodes likely occurs from micrometastatic disease in the lymph nodes at the time of treatment of the primary tumor. 1, 16 How to manage the regional lymph node basin/s before clinically apparent involvement is a compelling question. Early aggressive treatment for MCC, including prophylactic lymph node dissection and adjuvant radiotherapy (RT), has been advocated. 17 However, both are associated with risks.
10,18
SLN biopsy has been proposed to stage the lymph node basin and to guide additional treatment. 19 For instance, patients with a negative SLN biopsy can be spared the morbidity of additional surgery or RT. Furthermore, SLN biopsy may allow for a more homogenous stratification of patients for clinical trials. The prognostic value of SLN biopsy in patients with MCC has been confirmed at a number of institutions. 1, [20] [21] As a prognostic tool, the procedure is invaluable because of the lack of other reliable prognostic indicators in patients presenting with clinically localized disease. To date, there are no patient characteristics or any clinical or histologic features of the primary tumor that can be used to accurately determine which patients are at increased risk for nodal or systemic metastasis.
The purpose of this study was to determine if specific clinical and/or histologic features of MCC were predictive of SLN positivity. In addition, could a subset of patients be identified who had a significantly low risk of a PSLN and thus be spared the procedure? The feasibility of SLN biopsy in MCC has been previously shown. 22 Of the 97 patients with MCC who underwent SLN biopsy at our institution, the procedure failed to identify a sentinel node in only four (4%). At least one PSLN was identified in 45.2% of successful SNL biopsies. Of numerous studies with more than five patients undergoing SLN biopsy for MCC, the SLN positivity rate varied from 11% to 57%. 1, [20] [21] [22] [23] [24] Although our SLN positivity rate is within the range of rates reported in the literature, it is higher than other large series. Allen et al 1 and Mehrany et al 21 reported positivity rates of 22% (ie, 12 of 54 patients) and 33% (ie, 20 of 60 patients), respectively. This difference in positivity rate could be explained, at least in part, by differences in the histologic examination of SLNs. Immunohistochemical analysis, particularly cytokeratin-20, is paramount for high sensitivity and specificity in the interpretation of SLNs for MCC. Neither Allen et al 1 nor Mehrany et al 21 comment on whether immunohistochemical staining of the SLN(s) was part of the protocols. Smaller studies describing examination of the SLNs with serial sectioning and immunohistochemistry with cytokeratin-20 report similar SLN positivity rates to that in this study. In particular, Shnayder et al 23 and Maza et al 24 report positivity rates of 40% and 47.8%, respectively. Routine use of immunohistochemistry allows identification of micrometastases in the SLN that are composed of only rare single cells that would have been missed on routine hematoxylin-eosin-stained sections, as shown in Figure 2 . Given the high rate of regional and distant disease in MCC, we regard these single-cell micrometastases as biologically relevant. Differences in the clinical size of tumors may also account for variability in SLN positivity rates. We may be referred a higher number of large tumors, which would result in a higher rate of SLN positivity. Because size is not specifically available for patients who underwent SLN biopsy in the studies by Allen et al 1 and Mehrany et al, 21 it is not possible to assess if this may be a contributing factor in the differing PSLN rates. 1, 21 Furthermore, there is variability in the reporting of clinical size, categoric versus continuous variable, and source of measurement that comparisons across studies are difficult.
In our univariate analysis, we observed that factors related to growth of the primary tumor including clinical size, greatest horizontal histologic dimension, tumor thickness, and mitotic rate were significantly associated with a PSLN. However, Allen et al 1 found the incidence of clinically occult nodal disease not to be associated with the clinical size of the tumor. Accurate clinical size of the primary tumor may be difficult to obtain and/or verify in patients referred to tertiary care centers, because excisional biopsies have frequently been performed before referral. Tumor thickness may be a more reproducible and accurate measurement of growth, which in this study was significantly associated with a PSLN. It remains to be seen whether tumor thickness correlates with prognosis and overall survival. Recent studies report a positive association of tumor thickness with poor outcome. 8 One of the compelling findings in our study was that, unlike in melanoma, there was no subgroup of small primary lesions at low enough risk of a PSLN not to warrant the procedure. Those tumors that were smallest by any measurement of size (clinical size Ͻ 1 cm, greatest horizontal histologic dimension Յ 3.75 mm, tumor thickness Յ 2 mm, or a lower mitotic rate [Ͻ 10 per mm 2 ]) still had a PSLN rate between 23.1% and 36.4%. This is in contrast to the findings of Stokes et al 25 that patients with MCC Յ 1 cm in diameter are unlikely to harbor regional lymph node metastases. In their report of 52 patients with clinical tumor Յ 1 cm and no clinical regional lymph node metastasis at presentation, none had nodal metastases diagnosed by either SLN biopsy or elective lymph node dissection. However, on the basis of our finding that 23.8% of patients with tumors Յ 1 cm in clinical diameter have a PSLN, we conclude, as have others, that patients with small clinical lesions must be considered candidates for SLN biopsy. 26 Interestingly, the histologic growth pattern emerged as an important parameter when assessing factors predicting a PSLN in MCC. An infiltrative growth pattern significantly increased the likelihood of a PSLN. In addition, there was strong correlation between growth pattern and tumor thickness. Tumor thickness was significantly higher in lesions with an infiltrative pattern compared to a circumscribed pattern. Andea et al 8 have previously reported that the histologic growth pattern of MCC has prognostic significance. They found tumor architecture, infiltrative versus (nodular) circumscribed, to be an independent predictor of survival in MCC. The circumscribed pattern was associated with longer survival, whereas the infiltrative pattern had a poorer prognosis. The histologic growth pattern needs to be studied more extensively to better understand why it carries prognostic significance for MCC.
In our study, there was no single best model predicting SLN positivity in MCC. The two models generated were not derived from exactly the same subset of data and, therefore, cannot be compared directly. For model 1 (Table 3) , despite correlation between histologic growth pattern and tumor thickness, a lesion with an infiltrative growth pattern at a particular tumor thickness was more likely to have a PSLN than a tumor with a circumscribed pattern. Moreover, with either growth pattern, increasing tumor thickness was associated with a greater probability of a PSLN. Extrapolating the curves in Figure 1 to a tumor thickness less than 1 mm, this subcategory of very thin primary tumors would still have a predicted probability of a PSLN between approximately 15% to 30%, dependent on the growth pattern. This lends additional support to having a low threshold for SLN biopsy for primary MCC even in patients with small primary tumors. These models may provide guidance by estimating the risk of nodal metastasis and may aid patients and physicians in the management of primary MCC.
In conclusion, increasing clinical size, increasing tumor thickness (continuous variable), increasing mitotic rate (continuous variable), and infiltrative tumor growth pattern were significantly associated with a greater likelihood of a PSLN in MCC in univariate analysis. In multivariate analysis, two competing models that used growth pattern with either tumor thickness or mitotic rate could be used to predict a PSLN. In addition, when using the growth pattern and tumor thickness model, there was no subgroup of patients predicted to have a lower than 15% to 20% likelihood of a PSLN. This suggests that all patients presenting with MCC without clinical evidence of regional lymph node disease or distant metastases should be considered candidates for SLN biopsy. In the future, novel tumor markers or characteristics may be identified that better predict which patients are at risk for occult nodal metastasis to guide selection of patients for this procedure. Furthermore, the impact of SLN biopsy on survival remains a question to be answered.
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